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Our is to accelerate critical technologies and
supply chains in the UK for the fast-growing global

hydrogen economy.

HIl is working with >200 companies and 10 sector bodies in the UK, to

coordinate innovation in

Hydrogen
Production

Hydrogen
Distribution

dCross.

Hydrogen Use

HIl partners:

ADVANCED [ AEROSPACE
€ #s Jo& _carAPULT

CENTRE UK Compound Semiconductor Applications

caTAPULT  catAPULT  cataPULT

Connected Places Digital Energy Systems

caTAPULT  cataAPULT  cataPULT

High Value Manufacturing Offshore Renewable Energy Satellite Applications

Glass NPLEl i

Futu res National Physical Laboratory Technology Driving Transition

Supported by Innovate
Innovate UK UK




Our partners are supporting industry to accelerate the hydrogen economy....
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The global hydrogen economy

Direct and indirect economic activity
3 x benefits: Decarbonisation — Economic — Influence
trilli

When both directand

P 4 '~ e
indirect economic benefits
are considered, the global - *
hydrogen economy has

the potential to beworth

S8 trillion by 2050.

Hydrogen
Innovation
Initiative

The UK Hydrogen Innovation Opportunity




Hydrogen technology market

trillion

9 cross-cutting hydrogen technology families

Target a 10% market share of the global market

Hydrogen technology families

The UKis starting from a

o & strong I?ase pf industrial
—J - capability with an
a o T established innovation
0E) ecosystem. Under the right
g maans conditions and with the right

% strategic investments, this
can be catalysed for growth.
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Window of opportunity

10

To secure a market leading position

Capturing the expected peaks for innovation and
infrastructure investment, along with highest growth phase
of the global hydrogen economy

years
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Market Making Market Following

N " L 2 If the UK is to stay ah%aﬂ%fv’) \
1. e " international compeﬁ*ﬂg&a IR
° strategic approach E N
| to investment in hydre ?
2 ] innovation must %f
: T be developed and del
at pace.
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Strategic intervention

Representing biggest potential for the UK

Production of hydrogen
and conversion into

carriers Propulsion systems for

transport

Industrial hydrogen for

feedstock, heat and
power End-to-end hydrogen

e Innovation creating aspace’fﬂzr usto

become truly world leading:.2¢ :
focus areas Gl R SRR
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The UK Hydrogen Innovation Opportunity in figures

considering direct and indirect economic activity

@ S8 trillion

2 The global hydrogen economy in 2050,
L\ ]
- -

S1 trillion @

Global hydrogen technology market by 2050
Delivered by 9 cross-cutting technology families

The UK Hydrogen Innovation Opportunity

z)rﬂ_@ 4 areas of focus

I Representing the biggest areas of potential for

H
@_@: the UK

10 year window (O

To secure our position as market maker




The UK Hydrogen Innovation Opportunity and supporting reports

The UK Hydrogen

The UK Hydrogen

UK Capabilities

The UK Hydrogen

Hydrogen technology roadmaps

The UK Hydrogen

Techno-economic methodology
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The UK Hydrogen Innovation Opportunity —
Hydrogen technology roadmaps

Hydrogen technology families
Production Hydrogen as a feedstock Propulsion and
technologies and carriers power generation
.
" .
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Propulsion and power generation
Summary: Three propulsion technologies will see step change in technology to improve performance and Global and UK market forecasts 2030 2050
. . . N natural deployment into key sectors. Fuel cells and reliability. Direct combustion of hydrogen is seen as a =
Heat generat'on Storage DIStrI bUtlon and ContrOI internal combustion engines are typically suited natural transition for internal combustion engines, with ;::SSKt?ﬁi;ﬁ%‘:’ﬁiﬁﬁ:&%‘;’?ai:“?yuﬁ.llgow
to medium to high-duty demands with long-range the key advantage being minimal change to the existing ficlires, SEOW 1 HBLtFal [idPoit] sEenab Hom UK Clobal UK Global
requirements and where refuelling can be centralised technology and supply chains. Direct combustion aﬁa} sis for Hil by Markets anz Markets [1]
at key hubs, such as Heavy Good Vehicles (HGVs), of hydrogen through turbines is seen as a possible y L g
and coaches. This is reliant on the availability of method to decarbonise higher power applications, $0.12bn | $8bn $5.25bn | £150bn
= N = refuelling Infrastructure and the technology becoming such as power generation or short-medium haul
cost competitive with battery electric vehicles. Fuel flights. Hydrogen combustion processes need to be
6 ( cells could also see migration into more demanding managed to minimise other emissions such as NOx.
applications, such as short-range flight, but require a
Yaw ®
Fuel cells Monitering and automation to enable scalable and
i repeatable manufacture including the stack @ @ @ @ @ @
Current state: Many fuel cell technologies are mature o o
o . . . and readily available. Development is needed to improve
Cond |t|0 nlng EIeCtrlca l and Mete rlng a nd durability and efficiency such as through novel high- Improved integration of balance of system equipment
. . temperature Proton Exchange Membrane (PEM) fuel cells. toincrease efficiency and reduce cost
thermal management monitoring " g ! ° o
High temperature/efficient fuel cells reducing mass and increasing operating life
o o
Durable long life fuel cells and membranes, able to withstand impurities and harsh environments
o
Resource-efficient use of and development of routes to recycle and re-utilise critical
materials (such as critical raw materials and platinum group metals)
o o
Gas turbines Incremental solutions using modification to existing designs to improve durability @ <100% hydrogen

Underpinning technology families

Materials

Digital

Current state: Hydrogen gas turbine technology maturity
varies depending on the blend of hydrogen. Low hydrogen
concentrations using existing gas turbine designs are the most
mature with existing designs thought to be suitable. Further
development is required for higher hydrogen concentrations.

Internal combustion engines

Current state: Hydrogen internal combustion engines
are being matured, with several leading manufacturers
bringing products to market; other manufacturers

are also developing solutions. Activity is required to
improve performance and increase competitiveness.

Material and monitoring solutions for combustion to improve durability @ 100% hydrogen

o

Control and operational parameters to mitigate NO, emissions
without impacting efficient py @ 100% hydrogs
o

Reduction of NO, emissions through development of mproved abatement systems

QDGO
BEIE()
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The UK Hydrogen Innovation Opportunity — UK capabilities

An accelerating UK hydrogen technology supply chain

‘ bp Carlton Power Dolphyn ' | EDF Hyamics Element Energy ’ Equinor ESB ' Essar Energy Transition ‘ Hygen \ HYRO Locogen \ Progressive Energy ‘
Protium RWE Shell SSE Storegga l Uniper Glass Futures Ltd. GEOSTOCK Storengy Cadent Gas National Gas National Grid NGN
Infrastructure project :

developers, operators
and service providers

wwu Aecom Arup Atkins Costain Equans Hydrasun Jacobs Ricardo Wood Group wsp

CPH2 | ITM Power KEW Technology \ l Oort Energy } Pure Energy Centre Supercritical 2G AFC Energy Airbus Ballard Motive Solutions CAT

Cranfield Aerospace Solutions Fuel Cell Systems GeoPura GKN Aerospace HVS JCB Tevva Toyota ULEMCo Wrightbus ZeroAvia
End-product

manUfa?turers and Accelera Hydrasun Nano Sun Unitrove BOC Filton Systems Engineering Haskel Logan Energy Lux Industries
system integrators

Ceres [HiiROC [JohnsonMatthey Oxford Nanosystems TFP Hydrogen jTorvexEnergy ' Wild Hydrogen ‘ Catagen OXCCU Reaction Engines

Sunborne Systems Velocys Adelan Airbourne Engineering Bramble Energy Carnot Engines Cummins DAF Intelligent Energy ITP Aero Perkins

Rolls-Royce Siemens Energy Morgan Advanced Materials Parkinson Spencer Refractories Trent Refractories Chesterfield Specialist Cylinders Glacier Energy
Gravitricity H2GO Power Immaterial Langfields Luxfer Statebourne Cryogenics AVK Eaton FT Pipeline Systems Fusion Systems Liberty Steels
Moog Oxford Flow Parker Hannifin Radius Systems Wessington Cryogenics Aeristech Belliss & Morcom Edwards CTI Cryogenics Haskel Howden

Porvair Dynex HyFlux Lyra Electronics Parker Meggitt Viritech AlphaSense GM Flow HyMet Oxsensis Servomex Synthotech

Sub-system, component and

; g Weatherall Equipment and Instruments
material supply chain

@ Production Feedstock Propulsion and power generation Heat generation Storage

Distribution and control Conditioning Electrical and thermal management Metering and monitoring
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The routes to success are now clear but the
window of opportunity is fast reducing.

Now is the time to unlock the UK hydrogen
Innovation opportunity.

The UK Hydrogen Innovation Opportunity
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Download the UK Hydrogen
Innovation Opportunity now

hydrogeninnovation.co.uk

HIl partners
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Hydrogen Innovation Showcase

2-3 July 2024

Pendulum Hotel in Manchester
Hosted by: [ Doy 1.

Innovation pitch session, facilitated networking and drinks
H 2 Day 2:

Keynote presentations from industry leaders,

Parallel sessions focused on making, moving an using
hydrogen

Hydrogen

Innovate UK

and EPSRC Innovation And more to be announced
Initiative
The Hydrogen Innovation Initiative, Innovate UK
H ' -A U K H R E S and the EPSRC Hydrogen Hubs, UK-HYRES and HI-
5 y ACT, have come together to host the Hydrogen
Hydrogen Integration for UK Hub for Research Challenges in Innovation Showcase. This event will highlight the

Hydrogen and Alternative Liquid Fuels

Accelerated Energy Transitions innovative projects taking place across the UK

hydrogen value chain, featuring key players in the
hydrogen landscape.
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Hydrogen Skills Alliance Hydrogen Skills

Alliance

The Hydrogen Skills Alliance identifies and addresses the skills
challenges involved in meeting the UK’s Net Zero target.

Workstream 1
Stakeholder and
Government
Engagement

Hydrogen
Delivery Council

Workstream 2
Landscape Mapping

Quarterly
Members
Meetings

-

Training Course
landscape map

Workstream 3 Skills
Foresighting

Pressurised
Storage Tanks

Workstream 4

Hydrogen Skills

Framework

f )

Skills Framework

Architecture

J

-

Engagement with
Hii

~

Support of Hii
Hub activity

Cryogenics

. J
4 )\
Use Cases
\ J

Gas Turbines

Workstream 5
Workforce Demand
Forecasting

Green Jobs
Delivery Group
Workforce
Assessment

~

Dynamic Model

caTAPULT

High Value Manufacturing

Workstream 6

Strategy
Development

UK Hydrogen
Skills Strategy

« Cogent Skills

ience and technology

Contact george.jenkins@nccuk.com for more information or to get involved
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